Two experiments tested the effect of boredom on galvanic skin potential, skin conductance, and heart rate as autonomic measures of arousal. The results support Berlyne's 1960 hypothesis that boredom increases autonomic arousal. An intelligence measure correlated positively with rated boredom on the experimental task. The subjective state of boredom was seen as resulting from an inadequate rate of information flow. Inadequate information flow may result in increased autonomic arousal because of (a) S-produced arousal increase required to maintain focused attention on the task and/or (6) release of brain stem arousal centers by boredom-reduced cortical activation.
ceptual deprivation studies which may be germane, since it is reasonable to assume that control (i.e., nondeprived) 5s did not become bored (e.g., Vernon, McGill, Gulick, & Candland, 1961; Zubek, 1963; Zubek & Welch, 1963) . However, the information obtained from experimental 5s in this kind of study is of doubtful relevance since, as Zubek and MacNeill's (1966) data suggest, the subjective state induced by sensory or perceptual deprivation is too unpleasant to be rated as ordinary boredom.
If we limit ourselves, then, to studies about which we may feel fairly confident that 5s were not in a state more extreme than boredom, we find only a few papers which may bear more directly on the question we are asking. Stern (1966) investigated arousal levels of 5s receiving frequent and infrequent signals in an hour-long vigilance task. The data suggest that 5s monitoring infrequent signals were more aroused, but Stern provides no information showing that these 5s were more bored. Zuckerman, Levine, and Biase (1964) and Biase and Zuckerman (1967) subjected 5s to total isolation or to two kinds of partial perceptual isolation for 3 hr., a time short enough to consider the resulting state ordinary boredom. The totally isolated group became more aroused in terms of skin conductance and nonspecific galvanic skin response (GSR) measures. However, once again nothing in the paper indicates that the totally isolated group was more bored than the other two groups.
This paper reports two experiments in which we attempt to clarify the results of the studies summarized above by (a) gathering more extensive data about subjective state and (b) using measures of autonomic arousal not previously employed.
STUDY I

Method Overview
The Ss engaged in one of two tasks for 40 min. One group of 5s performed a boring task, devised to simulate a vigilance situation (Buckner & McGrath, 1963) . A second group of Ss performed a more interesting, story-writing task. Arousal was measured by means of galvanic skin potential (GSP) level.
Subjects
The Ss were 20 paid volunteers, female undergraduates attending Brandeis University. The Ss were assigned at random to the two experimental conditions, 10 to each condition.
Producing Boredom and Interest
Boredom. In the boredom condition, S monitored light flashes. When S arrived for the experiment, she was seated at a table on which she found a gray metal box labeled "Monitor." On the surface of the box were a button and a light. The E gave S a brief background statement about the problem of vigilance, indicated that the laboratory apparatus duplicated the vigilance situation, and explained that the experiment was concerned with physiological reactions in this situation. The S was instructed to push the button on the monitor box each time the light flashed. The S was told that E would stop her when there was sufficient GSP record.
Following his instructions, E removed S's watch and attached electrodes to the palm and dorsal forearm of S's arm not used for writing, making the arm comfortable on a pillow provided for that purpose. The E then left S for an adjoining room, where he adjusted the polygraph to which the electrodes were connected, turned on a device which generated the light flashes, and then told S to begin monitoring. The flash-generating device was programmed to flash irregularly 15 times within an interval of 140 sec. and then to repeat the cycle. Pretest had shown that Ss rated this cycle as tedious. After 40 min., E stopped S and asked her to fill out two questionnaires.
Interest. In the interest condition, S wrote stories in response to a series of Thematic Apperception Test (TAT) cards. 4 When S arrived for the experiment, she was seated at a table on which she found some TAT cards, paper, and pencils. The E gave S a brief background statement about the problem of mood, indicated that the laboratory situation allowed the elicitation of moods by the writing of stories, and explained that the experiment was concerned with physiological changes accompanying various moods. The S was instructed to turn over the cards one at a time and to write a story for each. The S was told that she had as much time as she wished for each story and that E would stop her when there was sufficient GSP record. Following his instructions, S was prepared as in the boredom condition and wrote for 40 min.
Measurement oj Autonomic Arousal
Autonomic arousal was measured by means of GSP level, which Shapiro and Leiderman have indicated (Bell, 1970; Shapiro & Leiderman, 1964a , 1964b Shapiro, Leiderman, & Morningstar, 1963) may appropriately be used for this purpose.
GSP was measured as the potential difference between an active area of the thenar eminence of the palm and an inactive area on the dorsal aspect of the forearm just proximal to the wrist. This potential difference is expressed without sign, though the palmar potential is negative with respect to the forearm. Silver-silver chloride electrodes developed by O'Connell and Tursky (1962) were employed and placed approximately 20 cm. apart (measured circumferentially around the arm). These electrodes are highly stable, show no polarization, and are easily standardized. A ground electrode, placed on the dorsum about midway between the wrist and the elbow, was also employed. Sanborn electrode paste was used for all electrodes. The skin under the electrodes was cleaned using 70% isopropyl alcohol and then dried, but was otherwise not specially prepared.
GSP was recorded on a Grass Model-7 polygraph with a Grass 7P1 preamplifier. The DC drift is less than 3 /*v. per hour and noise level is 3 ,«v. GSP level was recorded on calibrated polygraph paper moving at a regular rate.
From the paper record, readings (read to the nearest .1 mv.) were sampled at the rate of one per minute, a rate which accords with previous practice Shapiro Si Leiderman, 1964b) .
Results
Effectiveness oj Manipulation
The S was asked on the postexperimental questionnaires to rate aspects of the task and of her feelings on a number of 9-point scales. These data were analyzed by means of tworarely completed the series. They were instructed to start over again from the beginning, if they should complete the series. tailed t tests. With respect to boredom and interest, 5s rated the monitoring task as more boring (p < .001) and less interesting (p < .001). The Ss performing the monitoring task felt more bored (p < .001) and less interested (p < .01). Thus, the tasks successfully produced boredom and interest as desired. Scale responses indicated that time passed more slowly (p < .001) during the (boring) monitoring task than during the (interesting) writing task, a rinding that replicates previous research (Geiwitz, 1964; Loehlin, 1959; London & Monello, in press ).
Four scales yielded findings replicating those of Geiwitz (1966) , who studied the effect of boredom, manipulated by hypnosis, on self-report measures of "arousal." The Ss who monitored felt significantly more sleepy (p < .01) and more tired (p < .01) than did Ss who wrote stories. The Ss also found that monitoring was less absorbing (p < .001) and that it required less attention (p < .05) than did story writing. Thus, all the abovereported data are consistent with prior descriptions of boring and interesting tasks.
Finally, the response scales indicated that the tasks induced nonsignificant differences in a'nger, frustration, and nervousness, which suggests that any differences in GSP level cannot be explained on these bases.
Effect of Boredom and Interest on GSP Level
The sampling procedure of GSP records yielded 40 readings for each S, 1 per minute for the 40 minutes of the task. The means of these readings as a function of time and condition are presented in Figure 1 .
Analysis of variance of the GSP data in conjunction with Figure 1 indicates, first, that GSP decreases significantly with time (7? = 4.54, df = 39/702, />< .01). Second, a significant interaction between the boredom-interest variable and physical time (F = 1.50, dj = 39/702, p < .05) indicates that the effect of time on GSP level varied as a function of task. Inspection of Figure 1 reveals that after the first recorded measurement of the experiment, Ss performing the boring task has consistently higher mean GSP levels than Ss performing the interesting task.
These findings suggest that boredom increases autonomic arousal. However, it is possible that the monitoring task increased arousal by some mechanism other than boredom, or boredom may affect GSP level but not other indicants of autonomic arousal. Further, the group receiving the boring task may have had a higher tonic GSP before entering the laboratory than the interested group (although, to be sure, Figure 1 indicates that both groups began their respective tasks at about the same level).
STUDY II
Method
Study II was designed to test the generality of the boredom-arousal relationship found in Study I. Study II used more closely parallel tasks to produce boredom and interest, as well as different measures of arousal. Study II also utilizes a different type of S and intraindividual comparisons (i.e., a within-5 design). 
40
Subjects
The 5s were 44 Army enlisted men. They were assigned to two S groups so that, in order of participation, first, third, fifth, . . . , forty-third 5s were in one S group while the rest of the 5s (even numbered in a sequential arriving order) were in a second group.
Producing Boredom and Interest
The experiment was introduced to Ss as a study of physiological changes accompanying various kinds of tasks. In the boredom condition, Ss were instructed to write the letters "cd" over and over again. The 5s were asked to write the cd's at a moderate pace in a relaxed and comfortable manner. The interest condition, nearly identical to that in Study I, required that Ss write stories in response to a series of pictures from magazines that excluded those rated by a pretest group as having emotional themes. All 5s wrote both cd's and stories. One 5 group wrote cd's during the first 30 min. of the study (Time Period 1) and stories during the second 30 min. (Time Period 2), while the second S group wrote stories first, then cd's. Just before and after performing each task, Ss filled out a questionnaire on his mood state and his rating of the task.
Measurement of Autonomic Arousal
Two measures of autonomic arousal were used, skin conductance (SC) level and heart rate (HR). Details of SC measurement may be found in Schubert (1968) . HR was measured by continuous recording from S's nonwriting arm. Following his instructions, E removed S's watch and attached a light transducer, sensitive to finger blood volume, to the distal end of S's middle finger. The S's arm was then made comfortable on a pillow. The transducer allowed heart beats to be recorded on paper by a Grass 7P4 preamplifier and a Grass Model-V polygraph. From the paper record of beats, a beats/ distance measure was sampled at the rate of 1/min and this index was converted to a beats/minute measure. Temperature and humidity were recorded and found not to differ between the experimental conditions, although heat produced both increased SC (Schubert, 1968) and increased number on nonspecific GSRs (EDRs) (F = 4.96, df = 1/20, p < .05).
Results
Effectiveness of Manipulation
Again, as in Study I, S was asked on each posttask questionnaire to rate aspects of the task and of his feelings on 9-point scales. These data were analyzed by crossover (Latin square) analyses of variance (Cochran & Cox, 1957, p. 127) . The Ss judged the cd task to be more boring (p < .01) and less interesting (p < .01) and reported that they felt more bored (p < .01) and less interested (p < .01) after performing it. Scale responses indicated that time passed more slowly (p < .01) during the boring task. The self-report results of Geiwitz (1966) were replicated again insofar as, during the cd task which was rated as more boring, Ss reported feeling more sleepy (p < .01), more restless (p < .01), less energetic (p < .01), more tired (p < .01), and more apathetic (p < .01). It is clear, then, that the tasks were effective in producing differing levels of boredom and interest.
Finally, data from the self-report scales indicated that the tasks did not induce significant differences in anger, frustration, and nervousness. Physiological differences cannot be explained by reference to differences in this latter group of rated emotions.
Effect of Boredom and Interest
The sampling procedure of HR records yielded 60 readings for each S, 1/min for each of the two 30-min. tasks. A two-tailed t test of the difference between mean HRs of the two S groups at the initial measurement of the experiment indicated no difference (t = .71, df = 42, p> .40). We can, therefore, assume that the two S groups began the study with roughly equivalent HRs. For purposes of further analysis, the HR readings were simply averaged within S group (cd's first group vs. stories first group), time period, and task. The resulting means are presented in Table 1 .
During the first time period, Ss who performed the boring task had higher mean HRs than did Ss who performed the interesting task. When Ss changed task during the second period, the effect of the boredom-interest factor manifested itself by differential change in HR. Crossover (Latin square) analysis of variance (Cochran & Cox, 1957) of the data in Table 1 indicates, first, that HR was less (F = 120.49, df = 1/42, p < .01) during the second time period, suggesting that adaptation (Galbrecht, Dykman, Reese, & Suzuki, 1965; Stern, 1964; Sternbach, 1966) took place. With respect to the effect of boredom on HR, mean HR while performing the boring task was significantly higher than mean HR while performing the interesting task (F = 74.54, df = 1/42, p < .01). Thus, 5s changing from the boring task to the interesting task decreased more in HR than did 5s changing from the interesting to the boring task. Given the overall tendency to adapt from the first to the second time period, it would seem that boredom affected HR during the second time period by attenuating the effect of adaptation. Log SC during cd writing was higher than during story writing but not significantly so. In summary, the boring task produced more autonomic arousal than the interesting task and thus tended to counteract adaptation.
Intelligence may be thought of as the ability to process information rapidly. Following Glanzer's (19S8) postulation that a rate of information flow which is low for a given 5 will cause that 5 to feel bored, intelligent 5s would be expected to show more boredom with a stimulus situation which has a moderately low rate of relatively constant information flow. This suggestion was tested using a measure of general intelligence (the GT scale score) taken from the Army General Classification Test (AGCT). Rated boredom on the cd writing task correlated .33 (p < .05) with the measure of general intelligence, indicating that the more intelligent 5s were more bored with the relatively low rate of information flow generated by this task. This result supports the suggestion derived from Glanzer. DISCUSSION The results of both experiments suggest that a task rated as boring produces increased autonomic arousal. How is this finding reconciled with sensory deprivation studies (e.g., Zubek, 1963; Zubek & Welch, 1963) showing decreased cortical (EEG) arousal in deprived 5s? Two explanations are presented: the first discusses the amount of task focusing required and the second considers the difference in type of arousal measures.
In order to discuss the first explanation of the difference in results in conjection with the boredom-intelligence correlation, a conceptualization of boring environments as possessing low rates of information flow will be presented first: Stimulation which is redundant for the individual in the current experi- ment produces increased autonomic arousal.
At the other end of the continuum, similarly, rapidly changing stimulation (unexpected stimuli) also causes increased arousal (Bindra, 1959, pp. 229-23S) . Thus, autonomic arousal seems to reach a minimum at some intermediate level of stimulus change when S is required to attend to the stimulus situation. In other terms, arousal will be high with very low or very high rates of information flow when 5 is required to process the information. Thus, if the organism must perform a task that is too easy, continued attention requires focusing energy, as manifested here by autonomic arousal. This focusing energy is required to oppose the seeking of stimulation from the nontask environment in order to increase the information flow rate (increase of impact as described by Fiske & Maddi, 1961) . To relate this formulation to the boredom-intelligence correlation, the cd task may have been more boring for the intelligent 5s because they were able to process the information too rapidly to fill their time, in contrast to the less intelligent 5s for whom time was comfortably filled. When 5 is not required to attend to a low rate of information, as in many sensory deprivation studies, he will not need to use energy (manifested as arousal) to focus on some aspect of the environment. Callaway (Callaway & Dembo, 1958; Callaway & Thompson, 1953 ) finds that such focusing or narrowing of attention in perception accompanies sympathetic nervous system (SNS) predominance in the autonomic nervous system. Simple task performance, in general, was found to be a direct function of SNS per-formance in other areas as well (Schubert, 1969) . Such SNS predominance is reflected in the increased autonomic arousal found in the present study. This may be one explanation of the apparent divergence in results between the current study and sensory deprivation findings. Personality differences may also relate to optimal information flow rates. If an 5 tended to have an arousal-seeking personality (Schubert, 1964, 196S) , he would probably be more bored with a given repetitive task (prefer a higher information flow rate) than another S of the same intelligence who did not tend to have an arousal-seeking personality.
Another explanation of the data derives from Lindsley (1961) , Lacey (1967) This explanation requires distinguishing between cortical and brain stem arousal and postulating certain functional relations between them. The explanation suggests that if boredom leads to decreased cortical arousal and if decreased cortical arousal leads to increased autonomic arousal, then boredom may lead to both. Evidently, Berlyne sees his original view of the boredom-arousal relationship as ultimately compatible with Hebb's (19SS) and Fiske and Maddi's (1961) , as well as Sternbach's (1960) -.18 correlation between percentage of alpha and autonomic balance. Berlyne's statement suggests that an issue arose only because different physiological systems were considered. Berlyne seems, then, to have modified his original position in order to encompass the EEC data generated in sensory deprivation studies, data which shows decreased cortical (EEG) arousal in deprived Ss (e.g., Zubek, 1963; Zubek & Welch, 1963) . However, as we have argued, the relationship between sensory deprivation and arousal must not be taken as necessarily relevant to the boredom-arousal relationship, given the differences between the subjective states induced by sensory deprivation and boredom. Of course, a definitive statement cannot be made until the electroencephalogram is used to measure arousal in situations which are rated as boring.
The results are of further interest for a number of reasons. First, they appear to result solely from ordinary boredom, unconfounded by differences between conditions in anxiety or other possibly arousing subjective states. In this respect, then, the data are less confounded in regard to this emotion than those resulting from sensory or perceptual deprivation studies (cf. Zubek & MacNeill, 1966) ; second, the results make clear how essential a control group is for an appropriate understanding of the results in this area. Without the interest condition, one might interpret Study I, at least, to mean that arousal decreases when one is bored. In fact, the opposite seems to be the case. This point is obvious, but a number of physiological studies of sensory deprivation and vigilance, closely related to the present study, have been interpreted in the absence of appropriate controls (see, for instance, Mackworth, 1968, p. 313; Zubek, 1969, p. 271) .
The findings of the present study may have explanatory relevance for the relationship between boredom and psychological time (Geiwitz, 1964; Loehlin, 19S9; London & Monello, in press ). Hoagland (1933) and Treisman (1963) have presented models according to which time will seem to pass more slowly as an internal pacemaker emits more signals per unit physical time. If the arousal system, or perhaps the autonomic nervous system component of arousal, provides a location for Hoagland's postulated "pacemaker," we may have a mechanism to explain why time seems to pass slowly when one is bored: boredom leads to autonomic arousal and autonomic arousal may be identified with greater activity of the pacemaker. Supporting evidence for this notion comes from Pfaff's (1968) finding that the higher one's body temperature, the more slowly time seems to pass.
Finally, the data we have reported are compatible with Elliott's recent (1969) hypothesis that HR will accelerate in situations demanding action, including situations in which there is the "incipient organization of an avoidance, escape, or defensive response, one which would surely occur were it not for the constraints imposed by instructions [p. 224] ."
